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• Tuberculosis (TB) is a preventable and usually curable disease. 

• TB is caused by the bacillus Mycobacterium tuberculosis, which is spread 
when people who are sick with TB expel bacteria into the air.

• In 2022, TB was the world’s second leading cause of death from a single 
infectious agent.

Global Tuberculosis Report (WHO, 2023)
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Global Tuberculosis Report (WHO, 2023)

Therefore, is one of major problems for public health.
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TB first-line antibiotics treatment consist of a multidrug regimen lasting 6-8 months
• Isoniazid (INH)
• Rifampicin (RIF)
• Pyrazinamide (PZA)
• Ethambutol (EMB)

In Mexico, the NOM-006-SSA2-2013 provides the information to prevention and 
control of TB.

The response to these agents is not always predictable and sometimes may lead to 
adverse effects or non-response to treatment.
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Terapeutic Window

1st and 2nd Phase

Absorption, Distribution, Metabolism and Excretion process

However, many studies have shown that the toxicity of anti-TB drugs is related to 
genetic changes, affecting the achievement of maximum drug concentrations.
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The development of pharmacogenetics can bring a revolution in the field of treatment 
and may lead to optimal targeted therapies and modification of response to standard 
therapy.

General Health

Genetic
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Age
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Pharmacogenomics
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For metabolism of two drugs anti-TB:

Arylamine N-acetyltransferase 2 (NAT2)
• NAT2 gene
• Lead INH metabolism
• Single-nucleotide Polymorphisms (SNPs) may affect the effectiveness of 

enzyme

Organic anion transporter polypeptide (OATP1B1)
• SLCO1B1 gene
• Lead RIF entry to liver for metabolism
• SNPs may affect the expression of protein.

Next-generation sequencing (NGS) has emerged as a powerful tool for 
understanding the genetic background of various infectious diseases, including TB.
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The aim of this article is to characterize the allelic frequency of NAT2 and SLCO1B1 
SNPs, genes that are involved in the metabolic pathway of the proposed drugs in the 
treatment of pulmonary TB in the Iranian population using whole-exome sequencing 
(WES) technique.
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Ethical statement
The study was approved by the Ethics Committee of of National Institute of TB and 
Lung Diseases Theran, Iran.

Type of sampling 
• 30 blood samples
• 2 mL of blood taken from people and stored EDTA vacutainers at −20°C 
• Written consent forms collected from every patient.

DNA extraction
Omega Bio-tek Nucleic Acid Purification Kits

Spectrophotometric analyses of DNA
The concentration and purity absorbance (ratio at A260/A280 nm) assessed with 
Thermo Scientific NanoDropTM 1000 Spectrophotometer
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Visualizing DNA by agarose gel electrophoresis
1% agarose gel
TBE buffer
Voltage of 80 V for 60 min 
Ethidium bromide
Gel  Doc XR + Imaging System

WES and data analysis
Next-Generation Illumina Sequencing Illumina Novoseq6000 and Agilent SureSelect 
V7/Twist2 + kit. 

• The 1000 Genomes Project Consortium
• Genet Med
• Database of SNP Exome Variant Server 
• NHLBI Exome Sequencing Project
• Online Mendelian Inheritance in Man
• OMIM®
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Statistical data analysis
 The SNPStats and genotypic frequency were evaluated with SPSS software V22.0. 
P < 0.05 was considered statistically significant.
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Extracted DNA quality and quantity valuation

Gel electrophoresis showed a single, high molecular weight DNA band with the 
absence of RNA contamination.
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The spectra range obtained of samples was between 2000 and 400 ng and totally 
1000 ng concentration was considered for each reaction.

Ratio of A260/A280 nm 
The amount was evaluated in the normal range of 1.8–2, indicates the absence of 
protein and RNA contamination.  

Ratio of A260/A230 nm 
The amount of which was evaluated in the normal range of 2–2.4, which indicates no 
polysaccharide contamination.
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NAT2 gene SNPs frequency in Iranian population

Anottation
Intron
Acetylation activity
Unknown

Six SNPs

Anottation
Synonymous/Missense
Acetylation activity
Slow acetylation

Six SNPs

Anottation
3´UTR
Acetylation activity
Unknown

One SNPs



Results

Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”. 15



Results

Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”. 16

SLCO1B1 gene SNPs frequency in Iranian population
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13 frequent SNP of NAT2 were found. Seven of them were in exon 2 coding region. 

All these polymorphisms cause slow acetylation, may lead liver toxicity, using high 
dosage of INH in TB treatment is not recommended. 

16 frequent SNP of SLCO1B1 were found. One of them might cause a decrease in 
gene expression, which leads to upper levels of RIF in the bloodstream. 

In both cases, investigation of genetic variation of human TB treatment is 
recommended.
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• Seven frequent SNPs were identified in the NAT2 gene. These SNPs can 
influence the activity of the NAT2 enzyme.

• Sixteen frequent SNPs were detected in the SLCO1B1 gene. These genetic 
variants can impact the pharmacokinetics of RIF.

• Since genetic variations can affect the metabolism of these drugs. Their 
interpretation may facilitate therapeutic drug monitoring.

• Incorporating these findings into clinical practice has the potential to optimize TB 
therapy and enhance treatment outcomes.
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• How feasible is it to introduce such studies in public health care facilities?

• Are there other methods that allow such studies to be carried out?

• Role and presence of the pharmacist in the health system.
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